Abstract| Scattering in the Transmission-Line Modelling (TLM) method is determined for a variety of nodes using a simple, rigorous and physically satisfying process. The method suggested is simpler to apply, and more advantageous from the methodological and computational points of view compared to the conventional method.
I. Introduction S CATTERING in TLM is normally determined by enforcing energy and charge conservation laws for the incident and scattered voltage pulses at the node. This allows all scattering coe cients to be determined. Energy conservation is enforced by demanding that the scattering matrix S] be unitary 1], which becomes di cult to handle for general nodes.
Recently a simpler and physically more satisfying approach was described which leads to 12 simple equations which completely describe scattering in a 12-port node 2]. Nodes with stubs can also be treated similarly. In Reference 3] the scattered pulses were obtained from equations of the form
although no proof of these equations was given.
In this paper we prove that eqn. (1) can be derived directly from the general equations given in Reference 2] . Furthermore, because eqn. (1) is not general enough for the new node presented in Reference 4] , where the impedances of the link lines vary, a modi ed equation is derived. Apart from the methodological signi cance of this approach it is also useful as it leads to a simpler derivation of scattering and a computer implementation which is signi cantly more e cient when compared with original scheme 4]. The derivation of these equations from rst principles and the resulting computational e ciency gains are shown below.
II. Scattering in a 12-port Symmetrical
Condensed Node (SCN)
Scattering can be determined as described in Reference 2] by enforcing charge conservation for y-directed ports (eqn. 2), conservation of magnetic ux due to currents responsible for H z (eqn. 3), electric eld continuity (eqn. 4) and magnetic eld continuity (eqn. 5), as shown below. 
whereas combining the equations as (2)+ (3)? (4)? (5) gives
This procedure can be repeated for all other pairs of reected pulses within the node provided that conservation and continuity laws are expressed for appropriate directions. The strength of the method lies in fact that one does not need to solve the entire system of 12 equations, but six equivalent systems of four equations only.
An equivalent y-directed voltage V y may be obtained from V y The hybrid SCN may be treated in a similar way, the only substantial modi cation being to the charge conservation calculation where the di erent impedance values must be taken into account.
IV. Scattering in a general SCN
In Reference 4] a general node suitable for describing continuously varying boundaries is described. Its special feature is that in a general case the impedance of each link line can have a di erent value. Following the same procedure as before, we obtain the following equations for charge conservation, electric and magnetic eld continuity, respectively: 
The equation for magnetic ux conservation is the same as eqn. (3) .
Node voltage V y and loop current I z are: The scattering procedure for a general node described in Reference 4] requires 60 additions/subtractions and 60 multiplications per node, provided 60 scattering coe cients and 6 di erent admittances/impedances are stored. Using equations equivalent to eqns. (20) and (21) it can be shown that 54 additions/subtractions and 33 multiplications per node are required for scattering, provided 24 scattering coe cients are stored, thus resulting in substantial computational savings.
V. Conclusion
A new simple methodology has been presented to derive the scattering equations for a variety of TLM nodes without the need to solve a scattering matrix. The scattering equations in terms of three nodal voltages and three loop currents have been proved and enhanced to deal with a general node.
